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OBLEM TO BE SOLVED: To provide a piezoelectric device which is sintered at a low temperature and high in 

zoelectric characteristics and where electrodes of Ag-Pd alloy or the like can be used. 

LUTION- The piezoelectric body of a piezoelectric element is formed through a manner where at maximum 5 
I % lead oxide, silver oxide, and bismuth oxide or a mixture of them is mixed as additive into material powder 
ose composition is represented by a formula. aPbNM /3Nb2/303-bPbTi03- cPbZrOS (where 0.4<a<0.6 
5<b<0 45 0 05<c<0.25. and a+b+c=1) for the formation of piezoelectric material powder, and the piezoelectric 
terial powder is intered into a piezoelectric body where the additive component is removed. 
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VIMS 

um ( llA piezo electric crystal and an electrode are included and the piezo electric crystal concerned is aPbNi 1/3 
73 03-bPbTi03-cPbZr03 (in this formula). To the raw material powder of 0.4< a<0.6, 0.25< b<0.45, 0.05< c<0.25, 
'the presentation range of a+b+c=l The piezoelectric device characterized by being the piezo electnc crystal which 
oved the addition component concerned and was obtained from the sintered compact front face produced from the 
:o-electric powder which added a maximum of five-mol % of lead oxides, silver oxide and bisumuth oxide, or those 
ture as an addition component on the basis of this raw material powder. 

um 2] The piezoelectric device according to claim 1 whose addition of said addition component is two-mol [ a 

"im^The piezoelectric device according to claim 1 or 2 to which the ingredient of said electrode uses silver or the 

Pd alloy below palladium content 50 atom % as a principal component. 

lim 41 The piezoelectric device of any one publication to claims 1 -3 used as an actuator. 

lim 51 aPbNil/3 Nb2/3 03-bPbTi03-cPbZr03 (in this formula) To the raw material powder of 0.4< a<0.6, 0.25< 
1 45 0 05< c<0 25 and the presentation range of a+b+c=l The piezo electric crystal characterized by removing the 
ition component concerned and being obtained from the sintered compact front face produced from the piezo- 
;tric powder which added a maximum of five-mol % of lead oxides, silver oxide and bisumuth oxide, or those 
ture as an addition component on the basis of this raw material powder. 

aim 61 It is the manufacture approach of a piezoelectric device including formation of an electrode, andproduction of 
pSzo electrfc crystal by sintering of piezo-electric powder, and is aPbNil/3 

nula) about the piezo electric crystal concerned. To the raw material powder of 0.4< a<0.6, 0 25< b<0.45, 0.05< 
i 25 and the presentation range of a+b+c=l The piezoelectric-device manufacture approach characterized by 
erine the piezo-electric powder which added a maximum of five-mol % of lead oxides, silver oxide and bisumuth 
de, or those mixture on the basis of this raw material powder, and removing and producing the addition component 

Sn^The approach according to claim 6 of performing by grinding the sintered compact front face after sintering 
irance of said addition component. 

aim 81 Produce the green sheet of piezo-electric powder and an electrode is formed in some things of these green 
ets A layered product is made from a green sheet without an electrode, and the green sheet which has an electrode. It 
he approach of manufacturing the piezoelectric device equipped with the laminated structure of a piez » elec trie 
stal and an electrode by calcinating this layered product and sintering piezo-electric powder. It is aPbNil/3 Nb2/3 
-bPbTi03-cPbZr03 (in this formula) as raw material powder of the piezo electnc crystal concerned. The thing ot 
< a<0 6 0 25< b<0 45 0.05< c<0.25, and the presentation range of a+b+c=l is used. The piezoelectric-device 
nufacture approach characterized by using the piezo-electric powder which added a maximum of five-mol % of lead 
des silver oxide and bisumuth oxide, or those mixture on the basis of the raw matenal powder concerned at this raw 
terial powder for production of a green sheet, and removing the addition component concerned after sintenng of 

dm^ThVapproach according to claim 8 of performing by grinding the sintered compact front face after sintering 
arance of said addition component. ct \A^ * nnx 

aim 101 aPbNil/3 Nb2/3 03-bPbTi03-cPbZr03 (in this formula) To the raw matenal powder of 0.4< a<0.6, 0.25< 

0 45 0 05< c<0 25, and the presentation range of a+b+c=l The piezo electric crystal manufacture approach 
iracterized by sintering the piezo-electric powder which added a maximum of five-mol % of lead oxides, silver oxide 

1 bisumuth oxide, or those mixture as an addition component on the basis of this raw matenal powder, removing the 
Jition component concerned subsequently, and manufacturing a piezo electnc crystal. 
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TAILED DESC RIPTION . 

tailed Description of the Invention] 

Sdof the Invention] This invention relates to the piezoelectric device applied to the actuator used with the head for 
jet printers etc., and its manufacture approach. 

scriotion of the Prior Art] In the actuator used for the head for ink jet printers etc., the piezoelectric device which 
•overs a high variation rate by impression of a low battery is called for. Generally these piezoelectric devices are 
mfactured from the sintered compact which calcinated raw material powder and was obtained, and in order to 
lufacture the piezoelectric device of high performance, they must use after sintering raw material powder with the 
b degree of sintering which discovers a piezo-electric high property. Moreover, although platinum is used from the 
ner as an electrode material used by the piezoelectric device, in order to use the silver-palladium alloy of low cost 
as an electrode from platinum, to use the piezo-electric powder which can be sintered at lower temperature is 

03? Powder is sintered at low temperature, so that the particle size is small. In order to make low temperature 
ering possible, piezo-electric powder is usually pulverized with grinders, such as a ball mill, and the powdered 
xee of •sintering is raised. To use the detailed particle directly compounded with the sol gel process which used the 
anometallic compound other than pulverizing with a grinder, or the coprecipitation method using mineral salt is also 
d Moreover in order to raise a degree of sintering, adding an additive to piezo-electric powder is also performed. 
041 On the other hand, although the additive is generally widely used for the purpose of the improvement of the 
perty of a piezoelectric device in addition to improvement in a degree of sintering, the additive in that case 
nonstrates desired effectiveness by [ the ] remaining to a piezoelectric device. 

obiem(s) to be Solved by the Invention] In order to obtain a piezoelectric device from raw material powder, it is 
.essary to make a Plastic solid (green sheet) from powder first, and the binder etc. s added in order to fabricate 
vder^nd so that a powdered fluidity may be raised. A binder is removed from a Plastic solid before sintering of raw 
terial powder (cleaning). If a powdered particle size becomes small, generally specific surface area will increase^ And 
powdered specific surface area becomes large, since the binder of a large quantity will be needed for a wrap sake in 
nd this binder will be removed from a Plastic solid by cleaning, the consistency of a Plastic solid will fall as a result 
I the sintered density of a piezoelectric device will fall. 

.061 Detailed raw material powder is obtained from a sol gel process or a coprecipitation method. However, it 
•omes difficult for each particle to tend to condense the particle of the powder by these approaches from a 
maticallv fine thing therefore to make the consistency of a powder-molding object high by compression. Moreover, 
ce a complicated process is needed using a raw material with these expensive powder manufacture approaches, a 
.vder manufacturing cost is high and the powder of a practical price is not obtained. 

H371 On the other hand, unlike the additive added for an improvement of a piezo-electric property, the additive added 
piezo-electric powder for the improvement in a degree of sintering spoils the piezo-electo c pr ojerty ^of the sintered 
zoelectric device in many cases. That is, the technique which raises simultaneously the both sides of a degree of 
terine and a piezo-electric property by using an additive is not known. • 

ImrZ invention solves the above-mentioned various problems, and it aims at offering the piezoelectric device 
S stows a piezo-electric high property, and offering the approach of manufacturing this piezoelectric device while 
terinTaUhe lot ^temperature which can use electrodes, such as a silver-palladium alloy of low cost, from platinum is 
ssible. 
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>ans for Solving the Problem] The piezoelectric device of this invention contains a piezo electric crystal and an 
Jtrode and the piezo electric crystal concerned is aPbNil/3Nb2/3 03-bPbTi03-cPbZr03 (in this formula). To the 

• material powder of 0.4< a<0.6, 0.25< b<0.45, 0.05< c<0.25, and the presentation range of a+b+c=l It is 
racterized by being the piezo electric crystal which removed the addition component concerned and was obtained 
n the sintered compact front face produced from the piezo-electric powder which added a maximum of five-mol % 
ead oxides, silver oxide and bisumuth oxide, or those mixture as an addition component on the basis of this raw 

:erial powder. . 
10] The piezoelectric-device manufacture approach of this invention is the manufacture approach ot a piezoelectric 
ice including formation of an electrode, and production of the piezo electric crystal by sintering of piezo-electric 
vder. It is aPbNil/3 Nb2/303-bPbTi03-cPbZr03 (in this formula) about the piezo electric crystal concerned. To the 
' material powder of 0.4< a<0.6, 0.25< b<0.45, 0.05< c<0.25, and the presentation range of a+b+c=l The piezo- 
rtric powder which added a maximum of five-mol % of lead oxides, silver oxide and bisumuth oxide, or those 
•ture on the basis of this raw material powder is sintered, and it is characterized by removing and producing the 
lition component concerned. 

nbodiment of the Invention] The piezoelectric device of this invention contains a piezo electric crystal and an 
strode. And a baking object can be divided as occasion demands, it can grind, and such a piezoelectric device can be 
nufactured, after making a layered product 3 from piezo-electric powder for the electrode layer 2 from green sheet 1* 
ich formed by printing and formed the green sheet 1 without an electrode, and the electrode layer to a part of thing 1' 
he green sheets which produced the green sheet 1 and were produced and calcinating the cleaning object 4 after 
ining, as shown in drawing.]. . The p iezoelectric device maimfactured m^ 

12] the raw material powder used for manufacture of the piezoelectric device of this invention ~ aPbNil/3 Nb2/3 
-bPbTi03-cPbZr03 (this formula -- setting ~ 0.4<a<0. -- 6 and 0.25 - < -- b< 0.45, 0.05< c<0.25, and a+b+c=l) » it 
he thing of the presentation range and this presentation range is equivalent to a field with the slash of the composition 
gram of drawing 2 . In this invention, the piezo-electric powder which adds a maximum of five-mol % of lead 
des, silver oxide and bisumuth oxide, or those mixture on the basis of raw material powder to the raw material 
vder of this presentation range, and is prepared is used, and a piezo electric crystal is manufactured by sintering, 
hough the piezoelectric device of this invention is formed by combining this piezo electric crystal with an electrode, 
oes not interfere, even if it uses the piezo electric crystal itself independently depending on an application. 
'13] The piezo-electric powder used by this invention is PbO, NiO and Nb 203 which serve as an ingredient of raw 
terial powder if an example is given, Ti02, and Zr02. Ag2 O, PbO, or Bi 203 which carries out weighing capacity 
I serves as an addition component further Weighing capacity is carried out, raw material powder and the mixture of 
addition component are made, temporary quenching of this can be carried out and it can be prepared. Grinding 
cessing may be carried out in order to make mixture before temporary quenching of raw material powder and an 
lition component, and mixture after temporary quenching into a moderate particle size. 

1 14] The melting points of the silver oxide (Ag2 O) contained in the piezo-electric powder of this invention, a lead 
de (PbO), and the bisumuth oxide (Bi 203) are each 300 degree C, 888 degrees C, and 817 degrees C, and these are 
/er than the sintering temperature of the raw material powder used by this invention. In the process in which the 
zoelectric device (or piezo electric crystal) of this invention is manufactured, the liquid phase which uses as a 
ncipal component the silver oxide, lead oxide, or bisumuth oxide contained in piezo-electric powder arises as burning 
iperature rises. The generated liquid phase moves to a pore part gradually, promotes sintering of a raw material 
*der particle at lower temperature (phenomenon known as liquid phase sintering), and raises the consistency of a 
tered compact as compared with sintering which does not generate the liquid phase at the same time it makes easy 
ociation of the particle of the above-mentioned raw material powder, and a particle. That is, by this invention, raw 
terial powder can be sintered at temperature lower than the case where these are not added, by having added the 
/er oxide, a lead oxide, or the bisumuth oxide to raw material powder. 

)15] Here, with reference to the mimetic diagram of drawing 3 , the baking process at the time of manufacture of the 
zoelectric device (or piezo electric crystal) of this invention is explained notionally. The raw material powder 21, the 
/er oxide and a lead oxide, or the addition component 22 of the bisumuth oxide is contained in the piezo-electric 
wder of this invention, and a Plastic solid is produced from this raw material powder. If this Plastic solid is calcinated, 

• liquid phase 23 of an addition component will arise as burning temperature rises. If sintering advances, the liquid 
ase 23 moves to the part of pore 24 and the amount of the pore 24 in a Plastic solid decreases, the liquid phase 23 
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es on the front face of a Plastic solid, and all the liquid phase 23 comes to exist in a front face on parenchyma in the 
ered compact obtained eventually. The amount of the liquid phase 23 which oozed on the front face is a minute 
mnt, for example, can be easily removed by grinding a front face. Therefore, the excessive silver oxide added to raw 
erial powder, a lead oxide, or the bisumuth oxide is easily removable. After removing the liquid phase which oozed 
on the front face, the thing of the completely same presentation as the sintered compact obtained from the raw 
erial powder which does not add an additive as a result can be obtained. 

16] The component (the silver oxide, a lead oxide, bisumuth oxide, or those mixture) added to raw material powder 
express effectiveness sufficient with the addition not more than 2 mol % on the basis of raw material powder, and 
bring about a piezoelectric device with a piezo-electric good property by sintering at low temperature. Although 
ly addition components may be used from two-mol %, if an addition increases, a part of addition component will 
tain inside a sintered compact, without oozing out on a front face, and it will cause [ of a piezo-electric property ] 
ering. It is suitable to consider as the addition within the limits which does not exceed five-mol % generally. 
1 7] The silver oxide, lead oxide, and bisumuth oxide of an addition component may be used independently, and may 
lsed as mixture of those arbitration. When mixture was used, artificers could control generation of the pyrochlore 
se constituting the cause of lowering of a piezo-electric property, and checked that the piezo-electric powder of 99% 
>erovskite phases could be obtained at 900 degrees C substantially lower than before. Moreover, the piezo-electric 
vder of this invention which carried out temporary quenching of the mixture of raw material powder and an addition 
iponent, and manufactured it was more excellent in the 900-1 100-degree C low-temperature degree of sintering 
ipared with the case of the former only using the same raw material powder, and the piezoelectric device sintered 
obtained at 1050 degrees C in this piezo-electric powder showed the piezo-electric high property which an 
;tromechanical coupling coefficient (k33) calls 80%, and a piezoelectric constant calls 950 pm/V . 
18] Since the sintering temperature of a piezo electric crystal can be low suppressed by using the piezo electric 
stal raw material powder which added the addition component, it is not necessary to use expensive platinum for an 
:rnal electrode, and to use the high-melting silver-palladium alloy when a palladium content is high in this invention, 
is, in the piezoelectric device of this invention, the activity of the electrode material of the low melting point is 
si'ble. A typical low melting point electrode material can use silver or the Ag-Pd alloy of the palladium content 0-50 
m % as a principal component. In addition, it is usable in nickel (nickel) metal etc., for example. 
19] 

:ample] Next, an example explains this invention further. Needless to say, this invention is not limited to these 

mples. 1-1 
20] [Example 1] This example explains manufacture of the piezo-electric powder used as the piezo electric crystal 
redient of a piezoelectric device. Moreover, the production process of this piezo-electric powder is shown in drawing 

21 ] PbO, NiO, Nb 205, and Ti02 And Zr02 With the ball mill which put the diameter zirconia ball of 5mm into the 
cision for each raw material powder and the powder of Ag2 O of an addition component after weighing capacity, 
pectively, grinding mixing of the acetone was carried out as a solvent (it is also good to use alcohol or water) for 20 
irs, and it homogenized. Subsequently, the powder which separated and collected a ball and distributed solvents was 
[y dried at 80 degrees C among the hot bus for 8 hours (when alcohol or water was used, until it put into the 120- 
;ree C thermostat and all solvents evaporated), and temporary quenching of this desiccation powder was carried out 
550 degrees C for 3 hours. Then, with the ball mill into which the diameter zirconia ball of 5mm was put for 
iporary-quenching powder, as explained previously, it ground by the same approach as having ground the powder 
sr weighing capacity, and piezo-electric powder (mean particle diameter of about 1 micrometer) was collected. 
122] [Example 2] Except for having changed into PbO the addition component added to raw material powder from 
2 O, piezo-electric powder was manufactured by the same approach as an example 1 . 

>23]'[Example 3] In this example, the piezoelectric device was manufactured from the piezo-electric powder 
nufactured in the example 1 according to the approach previously explained with reference to drawing 1 . 
>24] First, the piezo-electric powder obtained in the example 1 was mixed with the ball mill together with a polyvinyl 
yral (PVB) (organic binder), dibutyl phtalate (DBP) (plasticizer), and ethanol (organic solvent), and the slurry was 
>duced. Next, the piezo electric crystal green sheet with a thickness of 50 micrometers was fabricated with the doctor 
,de method from this slurry. 

)25] After piercing the obtained piezo electric crystal green sheet for 100mm around, the Ag-Pd paste was screen- 
nciled to some things of them, and the electrode layer was formed in them. Next, four sheets and eight non-printed 
sen sheets were unified for the green sheet which printed 30 sheets and an electrode layer for the non-printed green 
jet by 80 degrees C and 50MPa with a 1 shaft press behind a laminating in piles, and the layered product was 
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lined. Furthermore, the layered product was degreased at 500 degrees C among atmospheric air with the electric 
lace for 4 hours, and the cleaning object was acquired. 

?6] The cleaning object was put in into high-purity-alumina porcelain, and it covered, it calcinated at 950 degrees C 
i the electric furnace for 6 hours, and the sintered compact was manufactured. At this time, the cleaning object 
cted by 5 in drawing 1 and the powder (namely, piezo-electricity [ having manufactured in the example 1 ] powder) 
his presentation have been arranged around a cleaning object. Cutting processing was carried out and the obtained 
ered compact was used as the piezoelectric device according to individual at the appearance of a piezo electric 
stal 

27] [Example 4] The piezo-electric powder manufactured in the example 2 was used, and the piezoelectric device 
; manufactured in the same way as an example 3. 

28] The piezoelectric device manufactured in the examples 2 and 4 showed the piezo-electric property equivalent to 

piezoelectric device manufactured from the raw material powder which does not add an additive. 

29] 0 5Pb(s)(nickell / 3 Nb 2/3) O3-0.35PbTiO3-0.15PbZrO3 manufactured in the example 1 to drawmg.5 202 mol 

>f Ag -- the sample of the added piezo-electric powder - Ag2 O - replacing with - PbO ~ one-mol % « as the 

lple and the object for a comparison of the added piezo-electric powder - an additive ~ not containing ~ 0.5Pb(s) 

;kell / 3 Nb 2/3) O3-0.35PbTiO3-0.15PbZrO3 The relation of the temperature and burning shrinkage of a sample is 

wn. As compared with the sample which adds no samples containing Ag2 O of the addition component by this 

sntion or PbO, it turns out that sintering temperature is falling by 100 degrees C or more. 

30] drawing 6 (a) - PbO ~ one-mol % - the X diffraction pattern on the front face of a sintered compact of the 

ed piezo-electric powder sample is shown. It turns out that the peak of the liquid phase which oozed out on the front 

- other than the peak of the perovskite phase which shows a piezo-electric property has appeared. The X diffraction 

tern shown in drawing 6 (b) is obtained about the front face of the same sample after surface polish. It turns out that 

liquid phase which oozed out on the front face is removed by polish, and is only a perovskite phase. 

31] Furthermore, it checked that the front face after polish of the piezoelectric device manufactured from the piezo- 

;tric powder which added the additive was observed with an electron microscope, and there were not a front face of a 

isoelectric device which manufactured from the powder which does not add an additive, and a change. 

32] 

feet of the Invention] Without changing the ingredient presentation for which it asks as a piezoelectric device 
ording to this invention, utilization of the piezoelectric device as which it calcinates at temperature low about 100 
Tees C and lowering of a piezo-electric property is not regarded is attained rather than it is reported conventionally, 
is since burning temperature can be stopped low, a cheaper piezoelectric device can be offered, without it becoming 
lecessary to use expensive platinum and a silver-palladium alloy with a high palladium content for an internal 
strode, and sacrificing a piezo-electric property. Such a piezoelectric device can be used as a high performance 
uator, and it contributes to amplification of utilization, such as a device equipped with such an actuator, for example, 
ink jet printer etc., greatly. 
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